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(71) We, EXXON RESEARCH AND 
ENGINEERING COMPANY, formerly 
known as Esse Research and Engineering Com- 
pany, a Corporation duly organised and cxist- 

5 ing under the laws of the State of Delaware, 
United States of America, of Linden, New 
Jersey, United States of America, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and the method 

10 by which it is to be performed, to be parti- 
cularly described in and by the following 
statement : — 

Mineral oils containing paraffin wax there- 
in have the characteristic of becoming less 

15 fluid as the temperature of the oil decreases. 
This loss of fluidity is due to the crystalliza- 
tion of the wax into plate-like crystals which 
eventually form a spongy mass entrapping 
the oil therein. 

20 It has long been known that various com- 
positions act as wax crystal modifiers when 
blended with waxy mineral oils. These com- 
positions modify the size and shape of wax 
crystals and reduce the adhesive forces bc- 

25 twecn the wax and oil in such a manner as to 
permit the oil to remain fluid at a lower tem- 
perature. They are known to the an as "wax 
modifiers", "pour point depressants", or "flow 
improvers" in that they lower the temperature 

30 at which the oil maintains its tree flow 
characteristics. 

Various pour point depressants have been 
described in the literature and many of these 
arc in commercial use. For example, U.S. 

35 Patent No. 3,04S,4?9 teaches the use of co- 
polymers of ethyl cne and C-— C- vinyl esters, 
e.g., vinyl acetate, as pour depressants for 
fuels, specifically hearing oils, diesel and jet 
fuels. Hydrocarbon polymeric pour depressants 

40 based on ethylene and higher alpha-olcfins, 
e.g. propylene, arc also known. 

Disrillare fuels derived from paraffinic or 
mixed crude oils and having a boiling range, 



as determined by ASTM Distillation D — 86, 
of about 350° F. to 700° F. have the draw- 45 
back that, on exposure to ambient winter 
temperatures in moderate climates, wax 
crysta ls tend to separate. Chemically, these 
crystals are built almost exclusively of ri- 
paraffins. A surprisingly low proportion of 50 
solid n-parafiins, such as 0.5% of the bulk 
oil, is sufficient to congeal the oil and thus 
render it not pumpable and not filterable. 

It has now been found that the low-tem- 
perature flow problems encountered in the 55 
field which have become a significant character- 
istic of present day middle distillates can be 
very satisfactorily controlled and alleviated by 
the proper choice of certain wax modifiers, of 
which at least one comprises a nucleating agent 60 
or wax growth stimulator and at least one 
other comprises a wax crystal growth arrester. 

According to a fcarure of the present in- 
vention there is provided a fuel oil composi- 
tion which comprises (A) a major proportion 65 
jy weight of a middle distillate fuel oil con- 
taining n-paraffin wax which normally crystal- 
lises from the oil when the temperature of the 
oil is sufficiently low, and 

(B) from 0.001 to 0.5 wt.% of a flow and 70 
filterability improver comprising additive (a) 
at least one wax-growth stimulator, being a 
wax-nuclcator (as herein referred to), which 
is a copolymer of ethylene with (i) an ethyleni- 
cally unsaturated mono- or dicarboxylic acid 75 
alkyl ester having 1 to 16 carbon atoms in 
the" alkyl group, or (ii) a vinyl ester of a C, 
to C,r saturated fatty acid, and 

additive (b) at least one wax-growth arrester, 
bang a pour-point depressant, which is also 80 
a copolymer of ethylene with a said comonomer 
(i) or (ii); said additives (a) and (b) differing 
from one another in respect of at least one of 
the following characteristics affecting their oil- 
solubility (1) their unsaturated ester compon- 85 
cnt, (2) their molar wt.% of ethylene and ester, 
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(3) the degree of ethylene branching (as herein 
referred to) present and (4) their molecular 
weights. 

Preferably the weight ratio of ■ Idirivcs 

5 (a):(b) is from 0.01 : 1 to 20: 1. 

One preferred fuel composition in accord- 
ance with this invention is one wherein addi- 
tive (a) is a said copolymer containing 0.3 — 12 
mole % ester and having a number average 

10 molecular weight within the range of 500 — 
30,000 (VPOX and said additive (b) is a said 
copolymer containing 11 to 25 mole % ester 
and a number average molecular weight within 
the range of 1200 to 20,000 (VPO); the 

15 weight ratio of (a):(b) being preferably in the 
range 0.1: 1 to 3: 1. 

According to a further feature of the in- 
vention their is provided a fuel oil additive 
concentrate blend containing a concentrate 

20 blend containing a solvent and 5 to 60 wt% 
of a synergistic mixture of a first polymeric 
material (a), which is capable of raising the 
temperature of the onset of wax crystallization 
of a wax containing middle distillate fuel, and 

25 said material (a) being a copolymer of ethylene 
with an cthylcnically unsaturated mono- or 
dicirboxylic acid alky! ester having 1 to 16 
carbon atoms in the alkyl group or a vinyl 
ester of a C, to C i: saturated fatty acid, said 

30 copolymer containing 0.3 — 12 mole % ester 
and having a number average molecular weight 
of 500—30,000 (VPO); and a second polymeric 
material (b), which has the ability to arrest 
the growth of wax crystals separating from 

35 said wax -con raining middle distillate fuel, and 
is a copolymer of ethylene with a cthylcnically 
unsaturated mono- or dicarboxylic acid alkyl 
ester having 1 to 16 carbon atoms in the alkyl 
groups or a vinyl ester of a C, to C, : saturated 

40 fany acid, said copolymer containing 11 to 
25 mole % ester and a number average 
molecular weight of 1200 to 2a 000 (VPO): 
the weight ratio of (a): (b) being in the range 
0.0: 1 to 20: 1. 

45 The wax growth stimulator or nucleator, as 
herein referred to, is a synthetic polymeric 
material which, in effect, raises the tcmpcrarurc 
of wax crystaBisarion. The nucleator is soluble 
in the distillate at temperatures substantially 

50 above the saturation temperature but on cool- 
ing of the distillate progressively separates out 
in the form of small particles as the tem- 
perature of the distillate approaches the satura- 
tion point, c.g. is cooled from a point slightly 

55 above (e.g. 10° F above; preferably about 5 : F 
above) said saturation tcmpcrarurc. The term 
"s^.uration temperature" is defined as the 
lowest temperature at which solute, e.g. wax, 
cannot be crystallized out of the solution even 

60 if known crystallization inducement methods 
arc used. As cooling continues, additional 
nucleator particles desirably should separate 
out in a more or less continuous manner. These 
additional panicles act as nucleators for con- 

65 tinued wax crystallization which in effect, 



would p re v e n t substantial supercooling of the 
distillate. The advantages of having fresh v 
nucleator particles formed continuously is that 
the supersaturation of the distillate with n- 
paraffins is kept at the lowest possible level 70 
thus facilitating a molecule of growth arrester 
to build itself in Co the growth center of grow- 
ing crystals and by so doing to stop the 
further growth. The inhibitory effect of a 
growth arrester is believed to result from the 75 
presence of bulky groups in its molecule. 
Additional nucleator should separate out to 
replace the deactivated growth centers. The 
wax growth arrester is more soluble in said 
distillate than said nucleator and it acts as 80 
a growth arrester as the crystal forms. 

The nucleator should not be insoluble in the 
distillate at elevated temperatures nor should 
it start to separate out at a temperature sub- 
stantially above that at which wax crystalliza- 85 
tion can occur. If nucleators separate out at 
a temperature substantially above the tempera- 
ture at which crystallization can occur, then 
they tend to senle at the bottom of the vessel 
holding the distillate, instead of remaining 90 
dispersed within the distillate. This factor is 
especially important when the distillate is 
subjected to repeated warming and cooling as 
during the warm and cool parts of a day 
since it does not result in adequate rcdispersion 95 
of the nucleant particles in the distillate. 

The synthetic polymeric materials used as 
wax growth stimulators and wax growth 
arresters may be addition or condensation poly- 
mers or derivatized polymers. The two types i00 
of polymers may be derived from the same 
or different types of monomers and may be 
homopclymers or copolymers; c.g. derived 
from two or more monomers. 

For the purpose of this invention, wax 105 
crystal growth stimulators, wxx nucleators and 
nuclcants for wax are all considered equivalent 
terms and are used interchangeably. 

Wax growth arresters (hereinafter sometimes 
referred to as wax arresters), which generally 110 
are rcfered to as pour point depressants, arc 
such chemical species which include in their 
molecular structure wax-like polymethylenc 
segments which are capable of building them- 
selves into the lattice of the wax crystals at 115 
the point of lattice dislocation, and also con- 
tain bulky groups which prevent incorpora- 
tion of further molecules of n-paraffins at the 
point of lattice dislocation and by so doing 
stop further growth of crystal. 120 

In a distillate fuel which has a tendency 
to become "wax-supersaturated", the presence 
of a nucleating agent and a growth arrester 
will be most effective. The nucleating agent 
will maintain a moderate rate of wax crystal- 125 
lizaiion as the oil cools. As a consequence, the 
wax growth arrester becomes much more 
effective. 

Experimental evidence bolstered bv photo- 
micrographs shows that under otherwise iden- 130 
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rical conditions, the crystalline structure of 
wax formed by the duel action effect of a 
wax a rr e s t er and a nucleating agent is 
characterized in that the size of the vr ' 

5 crystals is in the range of only a few microns. 
A good synthetic polymeric wax nucleator, 
for example, can be chosen by comparing a 
transparent container wkh a 0.1 to 3.0 wl% 
solution of the potential nucleator in a distillate 

10 to an identical container with die same distillate 
having no additive, as the temperature of the 
two materials is lowered The ooset of the 
wax crystallization from the distillate contain- 
ing a polymeric material which has nucleator 

15 characteristics will occur at a higher tempera- 
ture than that at which the crystallization will 
start in the absence of said nucleator. Similarly, 
a wax arrester usually is characterized by the 
ability to delay onset of crystallization; such 

20 delay is undesued. 

It is theorized that the phenomena occurring 
within the oil can be explained as follows. 
Before wax crystals can form in any solution, 
such as an oil with wax dissolved therein, the 

25 solution must be supercooled (i.e. reach a 
temperature below the saturation point). 

If the solution becomes highly supercooled 
before wax crystallization starts, the wax will 
crystallize at a very high rate once the crystal- 

30 ligation sets in. Even if a wax arrester is pre- 
sent, it will generally be overwhelmed by the 
quantity of wax formed. 

If a wax nucleator were put in the solution, 
growth of wax crystals would commence at a 

35 temperature just slighdy below the saturation 
temperature. But with no wax arrester present, 
that growth may be just as detrimental since 
large wax crystals may be formed. 

These flow improvers in order to be of rral 

40 help when applied to distillate fuels have to 
be effective in: 

(1) maintaining these fuels fluid at the 

operating temperatures, 
\2) arresting the grovh of separating wax 

45 crystals when trx oils arc submitted to 

slow cooling, i.e. 0.2 ; F. to 2 Z F./hr., 
which arc typical of the rates en- 
countered when "oil in bulk" is ex- 
posed to atmospheric cooling, 

50 (3) arresting the growth of separating wax 
crystals when the oils arc submitted to 
fast cooling, i.e. 10' F. to 100- F./hr., 
which are typical of the rates en- 
countered when relatively warm oil 

55 enters the transfer lines and is there 

suddenly exposed to low temperatures. 

All three above-quoted criteria are desired 
in order to ensure that a wax-cloudy fuel is 
pumpable and filterable under the condirions 
60 of its distribution and its use. 

The proper selection of laboratory tests 
which would predict the above factors, is of 
importance, in order to establish beforehand 



the suitability of an oil for the low temperature 
operation. 65 

Over the years of laboratory and field ex- 
perience, it has been found that the above- 
quoted three factors controlling the perform- 
ance of wax-cloudy fuels, can be predicted by: 

(1) Fluidity — ASTM Pour Test, ASTM 70 
D97— 66. This test is described in 
detail in ASTM Standards. 

(2) Wax Crystal She at Slaw Cooling 
Rates — Imperial Filterability Test 
(IFT). In this test a 200 ml sample of 75 
oil is cooled at a rate of 2° F./hr. from 

10° F. above to 5° F. below rts True 
Cloud Point at which temperature the 
oil is passed under reduced pressure 
through a filter element provided with 80 
a 9crccn. The Imperial Filterability is 
reported in terms of the finest screen 
through which at least 90% of sample 
will pass under a suction of 12 inches 
of water in time not exceeding 25 85 
seconds. The True Cloud Point em- 
ployed in IFT as the reference' point 
is the temperature at which the forma- * 
tion of wax crystals is first observed 
when a sample of oil is cooled under 90 
stirring at a rate of 20° F./hr. 
(I) Wax Crystai She at Fast Cooling 
Rates — Cold Filter Plugging Point 
test (CFPP). This test is carried out 
by the procedure described in "Journal 95 
of the Institute of Petroleum *\ Volume 
52, No. 510, June 1966, pp. 173—185. 
In brief, the CFPP test is carried out 
with a 45 ml. sample of the oil to be 
tested. The oil placed in the ASTM 100 
cloud point jar is cooled in a bath 
maintained at about —30° F. Every 
two degrees drop in temperature, start- 
ing from 4° F. above the cloud point, 
the oil is forced at a suction of 8 inches 105 
of water through a filrer element pro- 
vided with a 350 mesh screen into a 
pipette to a mark indicating a volume 
of 20 ml., at which time the oil is 
allowed to return by gravity flow to 110 
the cooling chamber. The test is re- 
peated with each two degrees drop in 
oil temperature until the oil fails to 
fill the pipette in a period of 60 seconds 
to the aforesaid rnsrk. The results of 115 
the test arc reported -s the Cold Filrer 
Plugging Point which is the highest 
temperature at which the oil fails to 
fill the pipette. 

The preferred fuel oil compositions of this 120 
invention arc middle distillate fuels having a 
boiling range anywhere in the range of 
35(P F— 7C0> F (ASTM D86). 

A p^f erred comonomer with ethylene is a 
vinyl ester of a C, to C r? aliphatic, saturated, 125 
branched or unbranched, monocarboxylic acid, 



preferably a fatty acid. Other preferred mono- 
mers to be used with the ethylene include: 

(i) ethylenicaJly unsaturated compounds of 
the formula: 

X 

/ 

5 CH 2 =C 

\ 

Y 

wherein X is H; Y is — COOR wherein R is 
C, — C l4 , preferably C* — C, alkyl and 

(ii) cthylenically unsaturated compounds of 
the formula: 

H H 

! i 

10 RCX>C^=C-^COOR 

wherein R is C, — C to preferably Q — C, 
alkyl. 

Typical vinyl csrers include vinyl acetate, 
vinyl propionate, vinyl butyrate, vinyl caproate, 

15 vinyl caprylate and vinyl capnue. 

Typical ethylenically imsaxuraccd esters in- 
clude -methylacrylarc, isobirtyiacrylace, iauryi- 
acrylate and C, a oxoalkyimethacryiate. 
When the comonoraer is an ester of un- 

20 saturated di - add, it can include esters of 
fumaric add, rnaleic acid; for example mono- 
mcthylfumarate, monoburyifumarate, mono- 
hexylmalcatc, diisopropylamaleate, di-C,j oxo- 
fumarate, dilauryl fumarate and cthylmcthyl 

25 furnarate. The terms C, s oxoolkyi and di-C Ja 
oxo refer to C,, alkyl groups derived from 
alcohols nude by the "oxo** process. 

Specifically, for example, a relatively low 
molecular weight ethvlene-vinyl ester copoly- 

30 mer wth a relatively high vinyl ester con- 
tent has been found to act as a wax growth 
arrester. On the other hand, a relatively high 
molecular weight copolymer of ethylene with 
a vinyl ester which cc^olymcr has a relatively 

35 low content of vinyl ester acts as a nucleating 
agent. Even more specifically, blends contain- 
ing ethylene/vinyl acetate copolvracrs of num- 
ber average molecular weights from 1200 — 
6CXX) (VPOt with vinvl acetate contents of 

40 2S— 50 wt. .' (e.g. if to 25 mole % ester) 
as the wax arresters and ethvlene/vinvl acetate 
co-potymers of 500—10,000 (VPO) number 
average molecular weight with vinyl acetate 
comoncmer proponions by weigh: of 1 — 30 

45 wt.% (e.g. 0.3 to 12 mole ' ester) as the 
wax growth stimulators have been found to 
be highly effective. The number average 
molecular weight of the nuclcant is preferably 
at least 500, preferably 1000, higher and/or 

50 the ester content at least 5/4 lower than the 
corresponding characteristics of the wax 
growth arrester. 

Ail molecular weights spedfied herein are 
"number average molecular weights**, which 

55 are molecular weights as measured by Vapor 
Pha.ce Osmometry (VPO), e.g. using Mechro- 
lab Vapor Phas^ Osmometrr 301 A 

A!! pcrcents and all ratios herein arc weight 



percerrts, or weight ratios, unless ochcrwise 
specified 60 

Thus, relative to the growth arrester, the 
nudeator can comprise an ethylene * vinyl 
acetate copolymer of a higher molecular weight 
if the vinyl acetate content of both polymeric 
materials is about equal, or of a lower vinyl 65 
acetate content if the molecular weight of both 
polymeric materials is about equal The two 
types of synthetic polymers of the present 
invention may be made separately or they 
can be made consecutively in one batch by 70 
varying the reaction conditions. Thus, the 
reaction conditions can be selected so that the 
initial polymerization reaction produces a poly- 
mer having primarily nudeator characteristics 
and the reaction conditions can then be changed 75 
to produce a polymer having primarily wax 
growth arresting properties or vice versa. In 
this manner, a mixture of polymers can be 
produced having both types of functions. In 
die case of the cthyiene/cster copolymers, the 80 
properties of the polymer as cither wax growth 
stimulator or giuwih an ester can be varied 
by changing the composition, molecular weight 
or degree of ethylene branc h ing of the co- 
polymer, which ethylene branching is a func- 85 
rice of polymerization temperature as pointed 
out in "Journal of Applied Polymer Science", 
Vol. 15, pp. 1737—1742 (1971). 

In general, the preferred number average 
molecular weight (VPO) for the nudearor will 90 
be within the range of 500 — 30,000, more 
preferably 500—10,000, while that for the 
wax growth arrester will be within the range 
of 1200—20,000, more preferably 1200—6000. 

In the specific embodiment of the invention 95 
which employs two different copolymers of 
ethylene and vinyl acetate the relationship be- 
tween the concentration of vinyl acetate and 
molecular weight of the copolymers is im- 
portant since it is the main factor which 1 
determines the role of the particular copolymer 
in the fuel That is, i: determines \yhether or 
not the copolymer as a whole will be perform- 
ing within the composition as a wax arrester 
or as a wax nucleating agent. Thus, very 1 
generally as a rule of thumb, the nucleating 
agents should have relatively long polv- 
methylene segments. Therefore, as these syn- 
thetic polymers approach low molecular weight 
ranges, the proportion of vinyl acacasc should 11 
also decrease. On the other hand, as the 
molecular weight increases, the proportion of 
vinyl acetate should also increase. Thus, the 
specific wax nucleating agents will comprise 
a copolymer of ethylene and a relatively low 115 
proportion of vinyl acetate with a relatively 
high molecular weight. 

The wax arrester on the other hand will, 
in general, be a relatively low molecular 
weight copolymer of a relatively high vinyl 120 
acetate content since the functiui of wax arrest- 
ing depends more on the pirs^nce of bulky 
group* attached to the backbone of the 
molecule of the copolymer. 
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Although the separate copolymers may be 
Wended directly in the fuel, ir will normally 
be found desirable to prepare a concer'rate. 
This may be effected by first associating each 

5 with a separate solvent, but most preferably 
by dissolving each in a common solvent. Thus* 
both the relatively lower molecular weight 
high vinyl acetate (second) copolymer and the 
first, the relatively high molecular weight low 

10 vinyl acetate copolymer, may be dissolved in 
a kerosene or heavy aromatic naphtha. Suitable 
concentrates will contain as active ingredients 
5% to 95% first copolymer and 95% to 5% 
second copolymer (based on total weight of 

15 copolymer present). Preferred concentrates will 
contain 5 — 60%, preferably 10 — 50% total 
copolymer. 

The arrester copolymers may be prepared by 
known procedures employing -free - radical 
20 initiators, preferably organic pcroxidic com- 
pounds. Suitable procedures are described in 
some of the hereinbefore-identified U.S. speci- 
fications, such as U.S. 3,04S,479 or U.S. 
3,093,623. 

25 Very generally, (especially for ethylene co- 
polymers with vinyl acetate or other vinvl 
esters) polymerization temperatures of 70'"' C 
to 200' C and pressures of 500 to 10,000 
psig, may be employed. \X"hile any free-radical 

30 initiator effective under such conditions may 
be used, it is preferred to employ dilauroyl 
peroxide or di-tert.-buryl peroxide. 

The preparation of the stimulator copolymer 
is generally achieved in essentially the same 

35 manner. Reaction conditions are preferably so 
chosen as to result in a relatively high 
molecular weight and low vinyl acetate co- 
polymer. 

There i\ present a total of 0.001 to 0.5;.'. 

40 by weight of copolymers, based on the weight 
of fuel; preferably 0.005 to 0.1., mojt pre- 
ferably 0.01 to 0.04/., all percenis being 
weight percents. The two polymeric materials 
are preferablv u^ed in ratios of 1 — 20, pre- 

45 ferably 1 — 2, pans by weight of nucleator to 
1 — ICO, preferably 1 — 10, pans by weight 
of growth arrester; a preferred weight ratio 
of nucleator/growlh arrester being 0.1:1 to 
3: I. In the particular species of the invention 

50 represented by the Examples, ir has been 
found that the growth arrester species and 
the nucleating agent seem to be most effective 
when from 5 to 35 wt.%, preferably 15 to 30 
and most preferably about 25 wt.% of nucleat- 

55 ing agent is used with growth arrester in the 
copolymer blend. 

In preparing the preferred ethylene/vinyl 
ester copolymers, the polymerization of the 
ethylene and vinyl ester can be carried out 

60 as follows: 

The solvent and a portion of the selected 
vinyl ester, e.g. 0—50 wt.%, preferably 10 
to 30 wt. °/. of the roral amount of unsaturated 
ester used in the batch, are charged to a 

65 stainless steel pressure vessel which "is equip- 



ped with a stirrer and a heating and cooling 
cotL The reactor contents are then brought 
to the desired reaction temperature, e.g., 
70°— 200° C, and pressured to the desired 
pressure, 500 — 10,000 psig., with ethylene- 70 
Then initiator, preferably dissolved in solvent, 
and additional amounts of unsaturated ester 
arc added to the vessel continuously, or ar 
least periodically, during the reaction time, 
e.g., 1 — 10 hours, which coorinuous addition 75 
gives a more homogeneous copolymer as com* 
pared to adding all the unsaturated ester and 
the peroxide at intervals during the reaction- 
Also during this reaction time, as ethylene 
is consumed in the polymerization reaction, 80 
additional ethylene is supplied through a pres- 
sure-controlling regulator so as to maintain 
the desired reaction pressure fairly constant 
at all times. Following the completion of the 
reaction, the liquid product is discharged and 85 
the solvent and other volatile constituents are 
distilled off, leaving the polymer as residue. 

Usually based upon 100 parts by weight of 
the ester copolymer to be produced, about 
100 to 600 parts by weight of solvent, and 90 
about 1 to 20 parts by weight of a free radical 
initiator will be used to initiate the reaction. 

The solvent can be any nonreactive organic 
solvent for furnishing a liquid phase reaction 
medium which will not react with the initiator 95 
or otherwise interfere with the reaction, and 
preferably is a hydrocarbon solvent, for ex- 
ample benzene or cyclohexane; or a nonhydro- 
carbon type solvent for example t - butyl 
alcohol. 100 

Free radical initiators that can be used 
include alkyl peroxides of C, to C,„, branched 
or unbranched, carboxylic peradds, for ex- 
ample di-acetyl peroxide, di-propionyi per- 
oxide, dipclargonyl peroxide or di-lauroyl per- 105 
oxide. Other free radical initiators that can be 
used include di-ien-buryl peroxide, benzoyl 
peroxide, various azo initiators, for example 
a2odiisobut>TOnitrilc and azobis - 2 - methyl- 
valcronitrile. HO 

The ethylene-unsaturated ester polymers of 
this invention are prepared in a manner 
similar to the cthylcne-vinyl acetate copoly- 
merization described above. Additional pre- 
paration methods are adequately described in 115 
the literature and mav be found, for example, 
in U.S. Patents "2,327,705; 3,04S\479; 
3,087,894; 3,093 ? 623; 3.126,3*; 3,165,485 
and Canadian Patent 676,875. 

EXAMPLE 1. 120 
An ethylene / vinyl acetate copolymer was 
prepared in benzene containing initially (cal- 
culated on benzene) 0.7 wt.% di-t-buryl per- 
oxide as initiator, 4.3 wx°/ a vinyl acetate and 
0.6 wt.% acetone, at an ethylene pressure of 125 
about 1100 psig, a temperature of about 
285° F. and s batch tirr,c of about three hour*. 
During the 3 hours reaction period, calculated 
on benzene, an additional amount of 10% 
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vinyl acetate and 1.2% peroxide were injected 
into the reactor. The resulting copolymer had 
a vinyl acetate content of about 16 wt.% 
and a molecular weight of about 2600 (VPO). 

5 The material had a specific viscosity measured 
in 1 wt.% solution in toluene at 100° F. of 
about 0.2. This copolymer is further referred 
vo as Copolymer A. 
A copolymer of ethylene and vinyl acetate 

10 was similarly prepared except that cydohcxane 
was used as solvent and dilauroyl peroxide as 
an initiator. The temperature was 220 3 F. 
and the ethylene pressure was 1050 psig. It 
had a vinyl acetate content of 38 wt.% and 

15 a number average molecular wcighr of approxi- 
mately 1800 as measured by vapor phase 
osmometry (VPO) and a specific viscosity 
under the same conditions as Copolymer A of 
0.13. This polymer was labelld Copolymer B; 

20 it nas pour point depressing abilities in the 
middle distillate fuels of the invention. 

A copolymer was p r ep ar ed according to the 
detailed procedure described above except that 



the copolymerization was carried out at 900 
psig ethylene pressure and 300° F. tempera- 25' 
turc over a period of 6 hours and there was no 
vinyl acetate present initially in the benzene. 
Over the reaction period, calculated on the 
basis of benzene, a total of 12 wt.% vinyl 
acetate and 1.1 wt.% of the di-t-butyl per- 30 
oxide were injected into the reactor. This 
copolymer is referred to herein as Copolymer 
H; it has a molecular weight of 3000 and a 
vinyl acetate content of 16%. 

Copolymers A and H, which were syn- 35 
thesized to be used as a nucleating agent 
(growth stimulant) and various other ethylene/ 
vinyl acetate growth stimulants (labelled C, 
D, E» F, G and K), prepare! in a way similar 
to that used to make Copolymer A, were 40 
blended with Copolymer B (a wax growth 
arrester) in three typical commercial middle 
distillates, designated "X'\ "Y" and "Z", and 
tested for their potency; the results being 
tabulated in Table I betow. ^ 45 
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EXAMPLE 2. a scries of other blends as shown in the follow- 

Addio'onal Potency tests were carried out on ing Table II. 



10 



15 



TABLE II 

Effect of Ethylene/Vinyl acetate Co-additive 
on Potency 

Ceuta Fuel 



ASTM Cloud = 
Point Test D97 


-H6°F. 




% Additive employed 


0.02% 


0.015% 


Additive 


CFPP/F. 


IFT No.<» 


None 


10 


below 20 


Copolymer B 


10 


53 


75/25 Copolymer B/Copolymcr H 


-15 


89 


72/25 Copolymer B/Copolymer F 


-18 


51 


50/50 Copolymer B/Copolytner H 


-18 


54 


50/50 Copolymer B/Copolymer F 


-6 


36 


Copolymer H 


6 


34 


Copolymer F 


10 


24 



( ! ) Apparent mesh size passed; these values were obtained 
by interpolation between standard screen sizes. 



As can be seen above, when the growth 
arresters or growth stimulators were used in- 
dividually, the performance of the base fuel 
in the CFPP test was only marginally im- 
proved with Copolymer H and no improve- 
ment was obtained with the other two co- 
polymer B and F when used separately. Co- 
polymer B (arrester) gave a moderate im- 
provement in the IFT test. The stimulators 
were of little effect. In contrast, the copoly- 
mers R and H used in a 3 to 1 rario gave 
a dramatic improvement amounting to 25^ F. 



depression of CFPP and IFT improvement 
from less than 20 apparent mesh of the base 
oil to S9 apparent mesh for the treated oil. 20 



EXAMPLE 3. 
A blend of Copolymer K with Copolymer 
B was compared with a similar blend of 
Copolymer F and Copolymer B, and with 
Copolymer B alone, in middle distillate fuel 25 
oils. The results are illustrated below in Table 
III. 
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TABLE III 






V/U 


% Flow 
improver 


Base 
Oil 


Blend 1 (a) 


Blend 2(b) 


Copolymer B 








I FT Mesh Pased 




Fuel T 


0.025 




270 


100 


270 


ruel K 


0.025 




270 


270 


100 


Fu^I Y 
ruu x 


A t 




100 


30 


40 








CFPP (°F.) 




Foci s 


0.025 


22 °F 


4°F 


10 °F 


20°F 


Fuel T 


0.025 


14 


0 


6 


12 


Fuel R 


0.025 


16 


-4 


-6 


14 


Fuel Y 


0.1 


30 


6 


4 


22 
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(a) 45% solution in heavy aromatic naphtha of 25% Copolymer 

H -~ 75% Copolymer B 

(b) 45% solution in heavy aromatic naphtha of 33% Copolymer 

F -r 67 % Copolymer B. 

-r ... E * A ^ iP ^ 4 * vent- The viscosity in ccnrisiokes of the reuilt- 

To minimize the handling problems, these ant compositions was determined and the 

aduiiives arc used commercially m the form results summarized below in Tabic IV 

of a concentrated solution in a petroleum sol- 
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TABLE IV 




Flow and Handling Properties of Co-additive Blend 






viscosity 






100°F. 


210°F. 


22.5% Copolymer B 
22.5% Copolymer H 
55.0% Kerosene 


169 


27 


22.5% Copolymer B 
22.5% Copolymer F 
55.0% Kerosene 


No now 


282 


31.5% Copolymer B 
13.5% Copolymer H 
55.0% Kerosene 


131 


24 


31 .5% Copolymer B 
13.5% Copolymer F 
55.0% Kerosene 


No flow 


87 




Viscosity at 100 C F., Cs ASTM Pour 


22.5% Copolymer B 349.5 

12.5% Copolymer F 

65.0% Heavy Aromatic Naphtha 


60 


33.5% Copolymer B 

11.5% Copolymer H 106.3 

55.0% Heavy Aromatic Naphtha 


25 



As can be seen from the above Table IV, 
it is of significant practical advantage to use 
a low molecular weight stimulator. This saves 
5 the user the expense and inconvenience of hav- 
ing special hearing facilities which would be 
required when employing a high molecular 
weight stimulator. 



EXAMPLE 5. 
The effect of using both the nuc leant and the 
wax arrester on the start of crystallization in 
degrees Centigrade as measured by Differential 
Scanning Calorimetry (DSC) is illustrated in 
the following Table V; the tests being carried 
out using a cooling rate of 1(T C/minutc. 



20 



25 



30 



TABLE V. 



Fuel 

Fuel X (No additives) 

Fuel X -r 0.02% Copolymer B (wax arrester) 

Fuel X + 0.02% (75 Copolymer B/25 Copolymer A) 

Fuel X T 0.02% (75 Copolymer B/25 Copolymer K) 



Stan of Wax 
Crystallization from 
* FuclX,°C 
-7.5 
-8.5 . 
-7.0 
-5.0 



The above data shows that the wxx arrester 
lowers the tempera rare of the onset of crystal- 
lization of iv-paraffins from the base fuel while 
the use of both the nuclcam and the wax 
arrester in accordance with the present in- 
vention facilitates crystallization at a higher 
temperature. Copolymer B, the wax growth 
arrester, is an effective pour point depressant 
for distillate fuels. 



The concentrate composition of the present 
invention is found to be compatible with other 
additive materials and may be blended success- 
fully with distillate oils containing minor 
amounts of, for example, viscosity index im- 
provers, other pour depressants, rust inhibitors, 
antioxidants, sludge inhibitors and sudge dis- 
persants. 
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WHAT WE CLAIM IS: — 

1. A fuel oil composition which comprises 
(A) a major proportion by weight of a imVik 
distillate fuel oil containing n-paraffin <*ax 

5 which normally crystallises from the oil when 
the temperature of the oil is sufficiently low, 
and 

(B) from 0.001 to 0.5 wt.% of a flow and 
filtcrability improver comprising additive (a) 

10 at least one wax-growth stimulator, being a 
wax-nuclcator (as herein referred to), which 
is a copolymer of ethylene with (i) an ethylenic- 
ally unsaturated mono, or dtfcarboxylic acid 
alkyl ester having 1 to 16 carbon atoms in the 

15 alkyl group, or (ii) a vinyl ester of a C, — C, T 
saturated fatty acid, and 

additive (b) at least one wax-growth ar re s ter, 
being a pour-point depressant, which is also 
a copolymer of ethylene with a said comonomer 

20 (t) or (ii); said additives (a) and (b) differing 
from one another in respect of at least one 
of the following characteristics affecting their 
oil-solubility (1) their unsaturated ester com- 
ponent, (2) their molar wt.% of ethylene and 

25 ester, (3) the degree of ethylene branching 
(as herein referred vo) present and (4) their 
molecular weights, 

2. A fuel composition as claimed in daim 
1, wherein the weight ratio of additives (a) : (b) 

30 is from 0.01: 1 to 20: 1. 

3. A fuel composition as claimed in claim 
1 or claim 2, wherein additive (a) is a said 
copolymer containing 0.3 — 12 mole */ 3 ester 
and having a number average molecular weight 

35 within the range of 500—30,000 (VPO), and 
said additive (b) is a said copolymer contain- 
ing 11 to 25 mole % ester and a number 
average molecular weight within the range 
of 1200 to 20,000 (VPO); the weight ratio 

40 of (a): (b) being preferably in the range 0.1 : 1 
to 3:1. 

4. A fuel composition as chimed in claim 
3, wherein the additives (a) and (b) are co- 
polymers of ethylene with an ethylenically 

45 unsaturated mono- or dicarboxylic acid alkyl 
ester having 2 to 8 carbon atoms in the alkvl 
group or a vinyl ester of a C, to C : saturated 
fatty acid. 

5. A fuel composition as claimed in any 
50 preceding claim, wherein additive (a) has a 

number average molecular weight in the range 
500—10,000 te ;VPO\ and additive fb) has a 
number average molecular weight within the 
range of 1200—6000 i"VPO\ 

55 6. A fuel composition as claimed in any 
preceding claim, wherein the number average 
molecular weight (VPO) of said addirivc (a) 
is at least 500 above, and /or the ester content 
at least 5 wt. v , below, those of said additive 

60 (b). 

7. A fuel composition as claimed in any pre- 
ceding claim, wherein at least one of said addi- 
tives (a) and (b) is a copolymer of ethylene 
and vinyl acetate. 
65 S. A fuel composition as claimed in anv pre- 



ceding claim, wherein additive (b) is a copoly- 
mer of ethylene and vinyl acetate and which 
polymer hats a vinyl acetate content of II to 
25 mole % 

9. A fud composition as claimed in any one 7C 
of claims 1 to 6, wherein additive (b) is a 
copolymer of ethylene and isobutyl acrylaie. 

10. A fud composition as claimed in any 
one of claims 1 to 8, wherein said two additives 

are present in total amount of 0.005 to 0.1 75 
wl% and both are copolymers of ethylene 
and vinyl acetate. 

1 L A concentrate blend containing a solvent 
and 5 to 60 wx.% of a synergistic mixture of 
a first polymeric material (a) which is capable 80 
of raising the temperature of the onset of wax 
crystallization of a wax containing middle 
distillate fuel, said material (a) bang a co- 
polymer of ethylene with an ethylenically un- 
sarurated mono- or dicarboxylic acid aUcyl 85 
ester having 1 to 16 carbon atoms in the alkyl 
group or a vinyl estrr of a Q to C lT saruratrd 
fatty add, said copolymer containing 0.3 — 12 
mole % ester and having a number average 
molecular wright of 500—30,000 (VPO); and 90 
a second polymeric material (b), which has the 
ability to arrest the growth of wax crystals 
separating from said wax -containing middle 
distillate fuel, and is a copolymer of ethylene 
with an ethylenically unsaturated mono- or 95 
dicarboxylic acid alkyl ester having 1 to 16 
carbon atoms in the alkyl groups or a vinyl 
ester of a C t to C, : saturated fatty acid, said 
copolymer containing 11 to 25 mole % ester 
and a number average mrlccuiar wright of 100 
1200 to 20,000 (VPO); the weight ratio of 
(a): (b) being in the range 0.01 : 1 to 20: 1. 

12. A concentrate as claimed in claim 11, 
wherein said wt, ratio (a):(b) is 1 : 10 to 3 : 1. 

13. A concentrate as claimed in claim 11 105 
or claim 12, wherein the material (a) has 

a number average molecular wright within 
the range of 500—10,000 (VPO) and the 
material (b) has a number average molecular 
weight within the range of 1200 — 6000 (VPO). 1 10 

14. A concentrate as claimed in claim 13, 
wherein both (a) and (b) are copolymers of 
ethylene with said vinyr esters. 

15. A concentrate as claimed in any one of 
claims 10 to H, wherein at least one of said 115 
polvmcric materials is a copolymer of ethylene 
wirh vinyl acetate. 

16. A concentrate as claimed in any one 
of claims 11 to 15, wherein (a) and (bj have 

the characteristics defined in claim 6. 12C 

17. A concentrate as claimed in claim 1 1. 
and substantially as herein described. 

IS. A concentrate as claimed in daim 1 1, 
and substantially as herein described with refer- 
ence to Example 4. 125 

19. A fuel composition as claimed in claim 
1, and substantially as herein described. 

20. A fuel composition as claimed in claim 
1, and substantially as herein described with 
reference to any of Example 1 to 3 and 5 130 
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